A new thiolactone-containing antibiotic U-68,204 was found to be produced by a soil actinomycete identified as Streptomyces thiolactonus UC 8478 (NRRL 15,439). The production, isolation, structure determination as well as the physical, spectroscopic and antibacterial properties of this C13H17NO3S compound are here reported. On the basis of these data, the antibiotic was identified as the 10-carboxamide of thiotetromycin.
The recent literature reports on the isolation of thiolactone antibiotics which are of interest because of their broad antibacterial spectra and low toxicity; thiolactomycin' 21, thiotetromycin3,4) and citreothiolactone5). In addition, the syntheses of racemic thiolactomycine' and of a number of thiotetromycin7) analogues have been published. In the course of our search for new antibiotic substances, we have isolated a new compound of this group and identified it as thiotetromycin 10-carboxamide or 5-(2-methyl-l,3-butadienyl)-5-ethyl-2,5-dihydro-4-hydroxy-2-oxo-3-thiophene acetamide (1b).
Fermentation
The antibiotic-producing actinomycete was isolated in a routine manner from a soil sample collected in the western United States and identified as a new species of Streptomyces thiolactonus UC 8478 (NRRL 15,439)". The active substance was detected by means of a mutant of Pseudontonas aeruginosa UC 6954, highly sensitive to i3-lactamsttt S. thiolactonus was maintained on Hickey-Tresner agar and stored as agar plugs above liquid nitrogen8). To prepare the inoculum, the homogenized suspension of one agar plug in 2-4 ml of sterile water was transferred into 100 ml of a seed medium (glucose 0.5%, Bacto-Tryptone 0.5% and Bacto-Yeast Extract 0.3 %) in a 250-m1 Erlenmeyer flask; the seed medium was incubated on a New
Brunswick rotary shaker (250 rpm) at 28°C for 3 days. Five ml of the heavily grown seed was then used to inoculate 500-m1 Erlenmeyer flasks, each containing 100 ml of the production medium (Cerelose 2 %, corn steep liquor 2 %, Pharmamedia 1 %, (NH4)2SO4 0.3 %, CaCO3 0.4 %, ZnSO4 -7H2O 0.003 % in tap water, pH 7.2). The fermentation was carried out in these shaken flasks (250 rpm, 28'C) and the antibiotic production monitored by pipeting 80 Id volumes of centrifuged culture on 13 mm-paper discs, which were applied to agar plates seeded with Bacteroides fragilis UC 6513 and P. aeruginosa UC 6955. The maximum antibiotic production was reached within 2-3 days during which time the reaction medium increased from pH 7.2 to pH 8. The ammonium salt would not crystallize. The free acid crystallized after dissolving the salt (500 mg/50 ml) in 0.01 N NH,OH, filtering the solution through a 5 pra syringe filter, and adjusting the filtrate to pH 2 with I N HCl in a separatory funnel. The milky white precipitate is extracted 3 times with equal volumes of CH2Cl2. The aqueous phase remains yellow but shows no maximum at 303 nm. The combined organic layers are dried with magnesium sulfate, filtered and concentrated to 50 ml. To the solution is added 200 ml of cyclohexane in a 250-m1 beaker. The solution is warmed to 60°C in a water bath until the volume is about 175 ml. At this point the cloudiness is persistent.
The solution is removed from the bath and allowed to stand (3 hours at room temperature, 16 hours at 5°C).
The resulting white plates are collected, washed with cold cyclohexane, and dried in a Abderhalen Mass spectroscopic studies established the molecular formula and the fact that three exchangeable protons were present. The shift with pH in the UV spectrum (Fig. 2) showed that one of the exchangeables had to be attached to the chromophore.
The 'H NMR spectrum showed two broad, exchangeable protons (Table   1 ) characteristic of NH moieties. The IR spectrum ( Fig. 1) shows a broad carbonyl and other bands consistent with the presence of an amide group. The 13C NMR spectrum (Fig. 3) showed 13 lines.
A detailed comparison of the spectra with those published for thiolactomycinz) and thiotetromycin3,4) led us to conclude that antibiotic U-68,204 must be related to the thiolactone antibiotics. In fact, it must have structure (1), in which the 10-methyl group of thiotetromycin has been oxidized to a carboxamido moiety (1b).
The IR spectrum shown in Fig. 1 was taken using the FMIR technique. The UV spectrum in acid and base is shown in Fig. 2 . The 13C NMR spectrum of the acid form is shown in Fig. 3 .
Biological Activity
In the dipped disc assay, antibiotic U-68,204 showed activity against Rhodopseudoinonas spheroides UC 3238, Bacteroides fragiiis UC 6513 and P. aeruginosa UC 6955. Any of the three organisms was useful as an assay for the antibiotic. In Table 2 are summarized the MIC determinations for antibiotic U-68,204. Table 1 .
The in vitro spectrum of antibiotic U-68,204 is not significantly different from that published for thiotetromycin3l but is apparently weaker than that of thiolactomycin9)
Antibiotic U-68,204 protected mice infected with Haetnophihis influenzae with a CD 50 mg/kg.
It did not protect mice infected with multiply-resistant Staphylococcus aureus UC 6685 at 100 mg/kg.
There was no acute toxicity noted at the higher dose.
Discussion
Application of super-sensitive Pseudomonas to soil screening has again led to the isolation of a new thiolactone antibiotic.
Antibiotic U-68,204 is structurally related most closely to thiotetromycin and has bioactivity similar to that compound. Since it has an extra functional group in the carboxamido moiety, it is potentially a useful starting point for new analogs in this series of compounds.
